Introduction
Ischaemic heart disease (IHD) is the single leading cause of death worldwide, accounting for 11.2% of all deaths globally in 2011 [1] , the last year for which a reliable estimate is available. Our group has previously studied the global epidemiology of IHD from 1995 to 2009 [2] . In this paper we provide an update, reporting on the burden of IHD worldwide from 2001 to 2012 using mortality data collected by the World Health Organisation (WHO). We present IHD mortality by country, age and income category.
Our update also provides a geographical analysis of IHD mortality [3] using a cartogram, a world map in which the area of each country is algorithmically transformed so that it is proportional to a measured variable for that country, in this case, number of deaths. The value of cartograms over and above typical map display is that it illustrates the spatial representation of a variable of interest whilst retaining the semblance of a world map.
Analysing the emerging global pattern of IHD mortality at regular time intervals is necessary to inform and update public health strategy. Collection of raw mortality data categorised by cause of death is integral to this, but limited raw data seem to be available even from countries whose resource position might be expected to permit an exemplary role in the promptness and completeness of data collection and disclosure. Public health bodies such as the WHO and the Institute for Health Metrics and Evaluation (IHME) therefore use sophisticated methods to provide estimates [4, 5] . The disadvantage of estimation is the inevitable introduction of some degree of error [6] . In this paper, we highlight countries with limited available data.
Methods

Data sources
IHD mortality and population data were extracted from the online WHO mortality database. This comprises all deaths registered by national civil registration systems International Journal of Cardiology 174 (2014) 293-298 submitted to the WHO, with underlying cause of death coded by the relevant national authority using the International Statistical Classification of Diseases and Related Health Problems (ICD) 9th and 10th revisions [7] . Gross national income per capita was extracted from the National Accounts Main Aggregates Database from the United Nations Statistics Division [8] . Countries were categorised into high (greater than US $12,275), upper middle ($3976 to $12,275 inclusive), lower middle ($1006 to $3975 inclusive) and low (less than $1006) income countries based on World Bank Income Grouping [9] .
Directly standardised mortality rates
IHD deaths for countries with available age-specific data were standardised to the WHO world standard population [10] to allow direct comparison of IHD mortality rates between countries. Standardised mortality rates were calculated using deaths reported within 5-year age groups. The small numbers of deaths in the "unspecified" age group were discounted in this analysis.
Cartogram
A cartogram was designed to illustrate the worldwide distribution of IHD deaths using 2010 estimates of IHD deaths from the IHME [11] . The area for each country is algorithmically transformed so that it is proportional to the number of deaths from IHD in each country. After transforming the area to represent number of deaths (the first variable of interest), we use gradations of colour to represent standardised mortality ratio (the second variable of interest) with darker shades of red representing countries with higher standardised mortality ratios.
The cartogram was generated using ScapeToad-v11 and R (Version 3.0, R Foundation) with the following packages: shapefiles, rgdal, RColorBrewer and classInt.
Data analysis was carried out using a custom Python script (Python 2.7.6 with Pandas 0.12.0). Table 1 shows the burden of IHD deaths in 2010 in countries for which data were available. Of these 71 countries, Russia, the United States of America and Ukraine account for the largest numbers of deaths. Startlingly, Ukraine had almost as many deaths as the United States of America yet the United States of America's population is over 6 times larger than that of Ukraine.
Results
Burden of IHD worldwide in 2010
The global distribution of deaths from IHD has been estimated for the majority of countries in 2010. This is illustrated in Fig. 1 in the form of a map where country area has been transformed to provide a visual representation of the numbers of deaths: larger country areas indicate larger numbers of deaths. The five countries with the greatest numbers of estimated deaths are India, China, Russia, the United States of America and Ukraine in descending order. The darker shaded areas indicate higher standardised mortality ratios. The five with the highest rates are Turkmenistan, Ukraine, Belarus, Uzbekistan and Kazakhstan in descending order.
Impact of age on IHD mortality
Fig. 2a-d shows the large increase in mortality in each sex in the 4 countries selected (Ukraine, Russia, the United Kingdom and Japan) because their mortality rates are some of the highest and lowest in the world and recent data was available. In men there was a 2.3-to 2.9-fold increase in IHD mortality per decade and a 3.2-to 4.5-fold increase in women.
Time trends in age-standardised IHD mortality rates
Fig . 3a and b shows the trends in crude death rates and age standardised mortality respectively in 20 countries between 2001 and 2012 for which extensive longitudinal data were available, predominantly European countries.
In these countries, crude death rates have remained stable in recent years (Fig. 3a) . In contrast, there has been a general decline in directly standardised mortality rates in these countries between 2001 and 2012 (Fig. 3b) . These data include both high income countries as well as countries in Eastern Europe where, despite high standardised mortality rates, an improvement in reducing these rates is noticeable in recent years.
Availability of data
At least one year of IHD mortality data was available for 137 countries between 2001 and 2012. Table 2 shows the lag in provision of mortality data to the WHO. Data were not available for any country for 2013. The WHO states that this is because "Countries usually submit data to WHO within 12-18 months after the closure of their records for the calendar year. Data checking, compilation and verification takes considerable time at the country level [12] ." IHD mortality data for 2012 were only available in 13 countries. Over half of the world's countries (113/216) have provided IHD mortality data for 2008 or later. 
Discussion
IHD remains the leading cause of death worldwide. IHD mortality data show that the largest numbers of IHD deaths occurred in Russia, the United States of America and Ukraine (Table 1) . However, estimates indicate that India and China, countries for which no recent mortality data is available, have even larger numbers of deaths (Fig. 1) .
The marked age dependence of IHD mortality rate is concordant between countries even when the countries have very different mortality rates. Provision of IHD mortality data from most countries is limited for reasons which are not clear.
Visual display of numbers of deaths and standardised mortality ratios
Displaying a modified map with country areas representing the numbers of deaths is a convenient way to convey to the reader the global geographical distribution of IHD mortality events. Simultaneously the colour of each country can be used to represent the standardised mortality rate in that country. This allows the reader to both assess the relative cardiovascular risk of different countries and the magnitude of its contribution to the global burden of IHD deaths.
The cartogram shows that India and China contribute a large proportion of the planet's IHD deaths out of proportion to their true land area. Part of this is because of higher population density in these countries. In the case of India there is a contribution of higher standardised mortality rate as can be seen from its colour being darker than, for example, Western European countries. However, the standardised mortality rate in China is comparable to that of Western Europe as can be seen from their colours.
The cartogram shows that many countries of the Former Soviet Union and Central Asia have a high standardised mortality rate as evidenced by the dark colouring.
Data availability
Data take time to emerge. As of February 2014, only 13 countries have provided IHD mortality data for 2012. Only just over half the countries have provided any data after 2007. Of the remainder a small group of 24 countries have provided data in some previous years.
The remaining 79 have never provided IHD mortality data in the ICD9 or ICD10 formats to the WHO. These countries include India and China which are estimated to be experiencing large numbers of IHD deaths making a major contribution to the global burden of IHD mortality. Whilst resources may be limited in some countries like India, they may be less so in countries like China and should not be so in the United Arab Emirates whose GNI per capita is in excess of US $40,000.
Where data are missing, methods can be used to estimate mortality but there is a risk of introducing error. Provision of this information to the WHO would assist with evaluation of the global burden of disease and in national and international health resource planning. The task is not insuperable, as evidenced by delivery of data from countries such as Serbia and the Republic of Moldova with creditable timeliness.
Conclusions
In many countries which have provided substantial longitudinal data there has been a continuing trend of reduction in age-specific death rates. Total IHD death rates have remained relatively stable due to an aging population.
Data do not become available for international comparison quickly, with 103 of the world's 216 countries not having provided any data after 2007. Greater focus on providing reliable data would greatly assist international efforts on strategic healthcare planning.
Visual display of IHD mortality on a cartogram can assist recognition of the separate but related issues of age-standardised mortality and total IHD mortality burden in individual countries. The countries making the greatest contribution to global IHD burden are India and China. However, there are many countries with much higher agestandardised mortality rates which may in the future contribute progressively greater numbers to global IHD deaths. 
